The aim of this paper is to analyse the development of voivodships in terms of ICT usage in enterprises by means of taxonomic methods. The theoretical part of the paper has been devoted to the role of modern information and communication technologies in post-industrial enterprises, in particular to the meaning of these technologies for new management concepts (e-business, online marketing, CRM, network management, X-engineering). The research methodology has been carried out, with special attention being paid to the agglomerative clustering method and optimization clustering method. The empirical part of the paper presents a taxonomic analysis of voivodships with respect to the employment of ICT in enterprises. Data from the years 2014-2015, published by the Central Statistical Office of Poland, have been used. Seventeen potential diagnostic variables have been identified. In the end, variables with the highest discriminative possibilities were selected. The rankings of the voivodships were thus created. Then, voivodships were clustered by means of Ward's method and the k-means method. The obtained results were evaluated regarding their conformity.
Introduction
Due to the fact that since the turn of the 20 th and 21 st centuries, economic reality is described as the post-industrial economy, enterprises operating in it are described as post-industrial as well.
Among the specific characteristics of post-industrial enterprises are: 1) functioning appropriate to the conditions of the service sector, 2) using information and communication technologies
for the needs of management and the organization of their activities, 3) treatment of intellectual capital as the basis for their development, 4) employment of new management concepts and methods (Gonciarski, 2009, pp. 25-41) .
Therefore, information and communication technologies are extremely important for postindustrial enterprises. For example, access to the Internet clearly increases the competitiveness of enterprises (Paszta, 2010, pp. 362-369) . A significant link between expenditure on ICT and increase in productivity has also been found (Picot, Wernick, 2007, pp. 660-674) . ICT facilitates functioning on the market, enables using intellectual capital more effectively and as a result implementing modern management concepts.
The aim of this paper is to analyse and asses the level of voivodships development in terms of ICT usage in enterprises. The employment of ICT is understood inter alia as the percentage of enterprises in which: employees use computers, employees use computers with access to the Internet, enterprises in which at least one social media is used or enterprises in which computer networks are used to place or receive orders. The analyses were performed by means of the linear ordering method of objects (voivodships) based on the pattern of development and linear ordering methods non-based on the pattern, as well as the hierarchical clustering method and optimization clustering method. Research results constituted a basis to create rankings and singling out clusters with respect to analysed characteristics and providing knowledge on the potential for the socioeconomic development of particular voivodships.
The role of ICT in post-industrial enterprises -rationale of the research
At the turn of the 20 th and 21 st centuries, new information and communication technologies became so common that the existing forms of running business activity were rendered irrelevant and replaced by solutions based on digital technology. It is obvious that in practice we come across various solutions in this area and the equally varied level of usage of these new technologies.
There are plenty of enterprises on the market whose functioning is based in full on for example the Internet and networks related to it. It needs to be highlighted that new management concepts, which use digital technology in practice, appeared on the market.
The concept of e-business is among concepts based on ICT that need to be mentioned.
The virtual distribution area brings new possibilities. Enterprises which sell digital products (e.g. software, financial information, selling tickets, counselling) can treat the Internet as a fully functioning, modern distribution channel, namely they offer immediate delivery at a significantly lower cost (Chaffey, 2015, pp. 3-40; Chen, 2005, pp. 16-18) .
When it comes to the concept of online marketing, the same functions as in its traditional equivalent are distinguished. However, they are carried out by means of the Internet, so in a much faster, cheaper and more effective manner. What is more, online marketing enables reaching a wider public. The effectiveness of this business tool results from the fact that: activity on social media is a new method of coming into contact with the market, it builds trust, enables undertaking dialogue with current and potential customers, provides quick access to up-to-date information on an enterprise or a particular issue, allows collecting data and carrying out market research (Reed, 2012, pp. 3-26; Strauss, Frost, 2009, pp. 28) .
Customer Relationship Management is a new management system, the idea of which is to build a stable relationship between an enterprise and its customer that is built on partnership.
This relationship is created by placing customers' expectations in the focus of the enterprise and all of its employees. The development of information and communication technologies, namely the development of the Internet, databases, automation of the sales process and integrated IT systems makes the management of contacts with clients and employment on gathered market information faster and more effective. Thus, ICT is an extremely important element in the CRM concept. The advantages of using ICT include: the fact that they enable closer and more individual cooperation with customers in order to create added value for them (working in real time in the whole customer care system is especially important), reduction of management costs of information and customer contacts, supporting decision making processes and the improvement of information flow inside the enterprise, automatization and unification of the customer care process (Chaffey, 2015, pp. 387-465) .
Network management employs IT technology to blur the boundaries between organizations and develop fluid relations between an enterprise and customers and suppliers based on partnership. The growing popularity of networking structures results from the fact that they enable to: reduce the feeling of uncertainty, increase the degree of flexibility, ensure adequate capacity and more rapid action to utilize opportunities and chances that the market offers, and increase access to resources and information (Child, Faulkner, Tallman, 2005, pp. 147-148) .
The concept of X-engineering consists in crossing borders between organizations by means of IT. X-engineering is a management concept in which IT and computer numerical control technology are used to enable economic processes to connect some businesses with others as well as enterprises with their customers to obtain rapid progress in productivity and create a new value for persons engaged in these processes (Champy, 2002, pp. 1-17) .
The issue of ICT is related to the concept of intellectual capital. Intellectual capital consists of human, structural and relational capital. ICT is part of the structural capital (Cabezas, 2011, pp. 20-24) . Raising the competitiveness of an enterprise requires comprehensive measures related to the development of human capital.
Development of intellectual capital and looking for sources of competitive advantage of an enterprise in it is one of the objectives of knowledge management. Knowledge management is rather commonly acknowledged as the most modern and comprehensive management concept. Knowledge management in an organization is managing processes of discovery, creation, acquisition, evaluation and the employment of knowledge to ensure the increase of the intellectual capital and to increase the effectiveness of an organization. As is natural, computer hardware and software is indispensable in the processes of knowledge management. However, even the best databases, despite being a part of sets of knowledge themselves, they do not create values. Obtaining a competitive advantage thanks to them is possible only if they are used by competent employees, who can transform data into information and information into knowledge.
The research method
Both methods which are non-based on the pattern of development and method based on the pattern for determining aggregated measure (composite measure) have been used in the performed research (Walesiak, 2004a, pp. 351-368; Panek, Zwierzchowski, 2013, pp. 57-97) .
Both types of methods were used to create a wider basis for the formulation of conclusions.
In case of methods which are non-based on the pattern, aggregated measures are calculated by means of functions of converted features of the initial set. Therefore, the arithmetic mean of unitarized data s i and the arithmetic mean of standardized data h i have been calculated. When it comes to the method based on the pattern, Hellwig's method has been used (Hellwig, 1968, pp. 307-327) . The aggregated measure d i was determined on the basis of a standardized data matrix.
The coordinates of the pattern (ideal) object are determined as follows:
where S -set of a standardized stimulants.
All variables were stimulants in the research study, so the coordinates of the pattern object were determined on the basis of the first variant.
The d i measure is determined in the following manner:
where:
The d i measure is so constructed that the closer to unity is its value, the lower is the distance between the i-th object and a pattern object. In this approach, the pattern of development is also called the upper pole of the set of objects. Similarly, an anti-pattern object (lower pole of development) can be determined.
As far as clustering methods are concerned, the agglomerative clustering method and the optimization clustering method were used (Walesiak, 2004b, pp. 316-350; Everitt, Landau, Lesse, Stahl, 2001, pp. 71-142; Milligan, 1996, pp. 341-375; Kopczewska, Kopczewski, Wójcik, 2015, pp. 423-452) .
The obvious advantages of agglomerative clustering methods are: a) the fact that they follow the same procedure (which is called the central agglomerative The algorithm adopted for the agglomerative methods was used:
1. In the distance matrix we look for pairs of clusters (P i and P k ) which are as similar as possible to each other (or closest to each other).
2. The number of clusters is reduced by one, joining two clusters (P i and P k ) into a new cluster.
The distance between the joined clusters P i ∪ P k and other clusters are calculated.
Steps 1-3 are repeated until all objects are found in the same cluster.
The distance between the joined clusters P i ∪ P k and another P l cluster is defined as follows:
, , , , , ,
α α β γ δ δ ε -parameters whose values depend on the variant of the agglomerative method,
Among the agglomerative hierarchical methods, Ward's method was used by means of the squared Euclidean metric (Ward, 1963, pp. 236-244) . In the applied Ward's method, distances between objects were determined by means of the square of Euclidean distance. The square of Euclidean distance between points x and w in p-dimensional space is determined in the following manner:
On this basis, this method has a geometric interpretation. Interpretation of the inter-cluster distance in Ward's method is defined as the growth in the value of the sum squares of distances as a result of joining clusters P i and P k together.
Optimization algorithms are iterative and based on the assumption that the initial partition of a set of n objects into u clusters is known. The role of these methods is to correct (from the perspective of the defined objective function) the initial partition of a set of objects.
The optimization method that was used is the k-means method (Sebestyen, 1962; McQueen, 1967, pp. 257-272) . This method assumes that each cluster is represented as its geometric centre (centroid) and looks for such a partition of a set of the n object into u clusters for which the value of the objective function is minimum. The objective function employed in the research is as follows:
where ║ is the selected distance measure between observation x and the cluster mean to which it is assigned.
When using the k-means method, the algorithm adopted in this method was followed:
1. The starting point is the partition of the set of objects into s clusters, obtained e.g.
by means of any clustering method or done randomly. For each cluster of the initial partition, geometric centres and distance between each object and the geometric centre of these clusters are calculated.
2. Assignment of objects to clusters of the closest geometric centre is changed.
3. New geometric centres for each cluster are calculated.
4. Steps 2 and 3 are repeated until the value of the objective function (which presents the quality of clustering) shows changes.
The research results, which have been obtained with the use of the agglomerative clustering method (Ward's method) and the optimization clustering method (k-means method), were compared and evaluated regarding their conformity.
Research results
The research was conducted on the basis of data from the years 2014-2015. The ordered elements were voivodships O i (i = 1, 2, …, 16). Diagnostic variables X j , describing the ordered elements, were relative frequencies (empirical probabilities) related to enterprises or workers using a particular type of ICT (j = 1, 2, …, 17). The pre-selected diagnostic variables have been juxtaposed in Table 1 . Enterprises with access to the Internet X 3 Enterprises with broadband access to the Internet X 4 Enterprises with broadband access to the Internet using a DSL connection or other fixed broadband connection, for example ADSL, SDSL, VDSL, a fibre-optic network, a cable television network X 5 Enterprises with broadband access to the Internet using a computer with a 3G modem X 6 Enterprises with broadband access to the Internet using a telephone with 3G technology, e.g. a smartphone X 7
Employees using computers in enterprises X 8 Employees using computers with access to the Internet X 9
Enterprises using at least one social media X 10 Enterprises using social media X 11
Enterprises having blogs and micro-blogs X 12 Enterprises using portals making it possible to share multimedia X 13 Enterprises using Wiki tools X 14 Enterprises placing orders by means of computer networks X 15 Enterprises receiving orders by means of computer networks X 16 Enterprises using e-administration X 17 Enterprises running big data analyses Source: own coverage on the basis of the Central Statistical Office of Poland (GUS, 2014, pp. 34-93; GUS, 2015, pp. 58-114; GUS, 2016, pp. 35-92) .
In order to use the same variables in both examined years, the set of pre-selected diagnostic variables was narrowed down to thirteen variables. Then, the value of the descriptive statistics was calculated, among which the value of the arithmetic mean (AM), standard deviation (SD), coefficient of variation (CV) and coefficient of skewness (CS) to both examined years (Table 2) . The value of aggregated variables, which were used to create a ranking in both examined years, were determined by means of the methods that were non-based on the pattern of development and method based on the pattern. All variables were treated as stimulants.
To mark voivodships, the ISO 3166-2:PL code, developed by the International Organization for Euclidean distances between clusters determined by means of the k-means method are presented below (Table 3) . Whereas Euclidean distances are found below the main diagonal of the distance matrix for a particular year, squares of the Euclidean distances are found above it. 
